Introduction
The production of native catfish is an expanding activity in Brazil, where production is concentrated in the central region of the country. Due to the spread of hybridization in aquaculture, one of the most common farmed fish are the carnivores belonging to the genus Pseudoplatystoma (CARVALHO-COSTA et al., 2011) .
The genus Pseudoplatystoma comprises eight species (BUITRAGO-SUÁREZ & BURR, 2007) , which includes the spotted surubim (Pseudoplatystoma corruscans Spix & Agassiz, 1829) and the "cachara" (Pseudoplatystoma reticulatum Eigenmann & Eigenmann, 1889) . They are migratory fish, with great ecological importance and high commercial value in South America (BIGNOTTO et al., 2009 ). In nature, P. corruscans and P. reticulatum coexist in the Paraná watershed and their genetic proximity infers the ability to generate artificial hybrid catfish (BIGNOTTO et al., 2009 ). Currently, hybrid surubim catfish (Pseudoplatystoma sp.) stands in intensive production due to the great potential for industrial exploitation, rapid growth, efficient feed conversion, organoleptic quality and standard export (CREPALDI et al., 2006) .
However, few studies have been carried out on parasitological assessment in hybrid surubim in Brazil. Naldoni et al. (2009) described the myxozoan Henneguya pseudoplatystoma from the gills of the hybrid surubim farmed in the of Mato Grosso do Sul. Jerônimo et al. (2013) evaluated the distribution of ectoparasites in the gill arches of this host under farming conditions. In the early stages of farming, Pádua et al. (2012) reported Ichthyophthirius multifiliis, Epistylis sp., Trichodina sp., Henneguya sp. and Monogenea as the main parasites affecting larval fish. Even in fish hatcheries, Pádua et al. (2013) showed higher parasitism by Epistylis sp., characterizing an emerging disease in Brazil. On the other hand, Ventura et al. (2013) have related Epistylis sp., Trichodina sp. and digenean metacercariae in post-larvae and fingerlings of the hybrid surubim.
In order to consolidate the production of this fish more studies are needed to understand the host/parasite/environment relationship to improve the knowledge of diseases responsible for economic losses (MARTINS et al., 2015) . This study aimed to contribute to the knowledge of the parasite fauna in the hybrid catfish (P. reticulatum female x P. corruscans male) and to establish the host/parasite/environment relationship during the cycle of two production systems. infection levels were determined under a stereomicroscope, and the protozoans in a Sedwick Rafter chamber. Parasites identification followed the methodology proposed by Eiras et al. (2006) and Thatcher (2006) and the parasitological descriptors were determined according to Bush et al. (1997) .
Materials and Methods

Sampling
Histological analysis
Gill fragments were collected and fixed in 10% phosphate-buffered formalin, dehydrated in ascending series of alcohol, embedded in historesin (hydroxyethyl metacrylate -Leica historesin embedding kit -Leica Instruments, Germany), sectioned at 2 µm thickness, stained with toluidine blue and observed under light microscopy.
Statistical analysis
Statistical analysis were performed using the Software IBM  SPSS  Statistics. Comparison of prevalence between the fish farms and between the seasons, was made by Chi-square test. The nonparametric Mann-Whitney U test was also used to evaluate the biometric data and the intensity of infestation. The level of significance was set at p<0.05. For water quality a Principal Component Analysis (PCA) of each fish farming was plotted.
Results
The mean weight, length and range of surubim collected from two fish farms in two sampling periods are reported in Table 2 . Fish from farm A were significantly higher (p = 0.001) than that observed in fish farm B. The biggest fish were found in fish farm A in cold season (p = 0.01).
Analyzing the water quality of fish farm A by Principal Components Analysis (PCA) 62% of variance was explained by the two main factors (Figure 1) . The results showed a factor strongly related to season and other related to water quality, highlighting a higher correlation between cold season and high levels of transparency, orthophosphate and dissolved oxygen, whereas the hot season was strongly correlated with higher levels of nitrite, nitrate and temperature. On the other hand, for fish farm B (Figure 2 ) PCA these factors accounted for 68% of variance, with a relationship between cold season and electrical conductivity.
In this study, were identified the ciliate protozoan I. multifiliis Fouquet, 1876, Trichodina sp. and Epistylis sp., the myxosporeans Ichthyophthirius multifiliis and monogeneans were the most prevalent parasites (Table 3) (Table 4) .
Histological analysis revealed that all gills presented hyperplasia at the base of the secondary lamellae (Figure 3a) , which may be attributed to the ammonia levels detected in both fish farms in both seasons. Monogenean parasites also caused hyperplasia and fusion of secondary lamellae (Figure 3b ).
Discussion
This study reports an important a survey of parasite species affecting farmed hybrid surubim in South America. Dactylogyrids are monogeneans presenting high host specificity (LAMBERT & EL GHARBI, 1995; WHITTINGTON et al., 2000) . The dactylogyrids A. paraguayensis and V. fungulus were originally described infecting native P. corruscans (SURIANO & INCORVAIA, 1995; TAKEMOTO et al., 2009) , and this is the first report of these parasites in the hybrid surubim. However, V. ciccinus is originally found in Phractocephalus hemioliopterus (Pimelodidae), while V. janacauensis can be found parasitizing Table 2 . Means, standard deviation and range of hybrid surubim weight and length collected in cold and hot season in fish farms A and B, and significance of differences (p < 0.05) in host size between seasons and farms. Pterodoras granulosus (Doradidae) (SURIANO & INCORVAIA, 1995) , both South American catfishes of the order Siluriformes. Dupont & Crivelli (1988) observed that cyprinid hybrids may harbor parasites from both parental species and even some from non-related species. The occurrence of V. ciccinus and V. janacauensis in the hybrid surubim was uncommon and may be related to interspecific hybridization, which makes them the target of ecological concern by its ability to harbor unusual parasites. Šimková et al. (2013) argued that the role of fish hybridization on parasite specificity is not yet clear, there may be changes in parasitic fauna due to host co-adaptation, though hybrids may harbor parasites from both parental species. We note that this may pose an important ecological issue, because with higher numbers of cultured fish, natural stocks may be greatly affected by parasites from cultured stocks, a situation seen before in salmonids (MCVICAR, 1997; TORRISSEN et al., 2013) .
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Although in this study the mean intensity of monogeneans varied from 44.3 to 252.1 parasites per host, the histopathological analyzes did not show severe tissue injury associated with the parasitism. Proliferative changes in the gill epithelium are among the main disorders observed during the infestation by monogenean (MANSELL et al., 2005; DEL RIO-ZARAGOZA et al., 2010; JERÔNIMO et al., 2014) and can progress to degeneration and necrosis of respiratory tissue, especially in mixed infections with other parasites (YARDIMCI & PEKMEZCI, 2012) . The severity of injuries caused by dactylogyrids are directly related to the parasite intensity (DEL RIO-ZARAGOZA et al., 2010) . Sub-lethal lesions in fish were observed in varied degrees of infestations. However, higher infestation intensities result in more pronounced lesions (DEL RIO-ZARAGOZA et al., 2010) . Nevertheless, in this study histopathological lesions were not limited to parasite infestation site, thus may also be due to poor water quality. These histopathological lesions are observed in fish submitted to culture conditions, including those exposed to high ammonia levels (PAUL & BANERJEE, 1997) .
The proliferation of I. multifiliis is strongly related to periods of lower temperatures in tropical regions (MARTINS et al., 2015) coinciding with the highest water transparency, higher levels of dissolved oxygen and orthophosphate. Crustaceans were also observed in periods of low temperature. In contrast, in periods of higher temperature, an increase in the aquatic productivity occurs reflecting in nitrogen and conductivity alterations as observed on the monogenean parasitism in fish from farm B. In fact, an increase in the number of monogenean might be associated with environmental quality deterioration (MODU et al., 2012; ZARGAR et al., 2012) favoring its reproduction.
Although proteocephalid cestodes are commonly found parasitizing native Pseudoplatystoma spp. (SANTOS et al., 2003; CAMPOS et al., 2009) , no reports were until now observed in the hybrid surubim. Its occurrence in farmed hybrid surubim was lower than that observed in cachara (P. reticulatum) from the natural environment (CAMPOS et al., 2008) .
The undissociate ammonia molecule NH 3 , is highly toxic for fish and even low levels can cause gill hyperplasia (see ROBERTS, 2012) as observed in the present study. It is strongly advisable that fish farmers increase water renewal in order to improve fish health status of this economically important fish culture.
We also highlight that the role of fish hybridization in parasite specificity is a promising field of study and understanding about it, may contribute to the development of sanitary control measures and prevent possible ecological impacts.
